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The diagnosis of urinary tract infection (UTI) by urine culture is time-consuming and can produce up to 60
to 80% negative results. Fast screening methods that can reduce the necessity for urine cultures will have a
large impact on overall turnaround time and laboratory economics. We have evaluated the detection of bacteria
and leukocytes by a new urine analyzer, the UF-1000i, to identify negative urine samples that can be excluded
from urine culture. In total, 1,577 urine samples were analyzed and compared to urine culture. Urine culture
showed growth of >103 CFU/ml in 939 samples (60%). Receiver operating characteristics (ROC) curves and
ROC decision plots were been prepared at three different gold standard definitions of a negative urine culture:
no growth, growth of bacteria at <104 CFU/ml, and growth of bacteria at <105 CFU/ml. Also, the reduction in
urine cultures and the percentage of false negatives were calculated. At the most stringent gold standard
definition of no growth, a chosen sensitivity of 95% resulted in a cutoff value of 26 bacteria/�l, a specificity of
43% and a reduction in urine cultures of only 20%, of which 14% were false negatives. However, at a gold
standard definition of <105 CFU/ml and a sensitivity of 95%, the UF-1000i cutoff value was 230 bacteria/�l, the
specificity was 80%, and the reduction in urine cultures was 52%, of which 0.3% were false negatives. The
applicability of the UF-1000i to screen for negative urine samples strongly depends on population character-
istics and the definition of a negative urine culture. In our setting, however, the low workload savings and the
high percentage of false-negative results do not warrant the UF-1000i to be used as a screening analyzer.

Urinary tract infections (UTIs) are the most common infec-
tions in both hospitalized and community patients (16, 19).
Although for most patients the burden of disease is minimal,
certain subpopulations like children, pregnant women, and the
elderly may develop serious complications (8). Symptoms like
dysuria, increased urination frequency, hematuria, and back
pain are considered specific enough to reliably diagnose a UTI
(1). A positive urine culture may confirm the diagnosis and is
considered the gold standard in scientific studies. Moreover,
susceptibility testing may be performed on cultured bacteria
and may guide antibiotic therapy. Considering these facts, it is
no surprise that urine samples are the most frequently received
specimens in many microbiology laboratories. Nevertheless, a
high number of these urine cultures will not yield any bacteria
at all, and percentages for negative urine cultures up to 80%
have been reported (2, 15). Since urine culture is a laborious
procedure, a more cost-effective approach would have a large
impact on laboratory economics. A screening method that is
able to identify negative urine samples in order to exclude
them from costly and laborious culture procedures could re-
duce the overall turnaround time of analysis, workload, and
costs. To prevent positive urine samples from erroneously be-
ing classified as negative and not being cultured, a high sensi-
tivity and negative predictive value are prerequisites.

Screening methods, such as dipstick testing for nitrite and
leukocytes in urine as well as microscopic sediment analysis for

bacteria and white blood cells, are fast but lack sensitivity (5,
21). Moreover, microscopic sediment analysis suffers from in-
terobserver variation and is also labor-intensive. Automated
methods for urine sediment analysis, like the Sysmex UF-100,
have been developed. The Sysmex UF-100 is an automated
urine flow cytometer able to detect particles in urine, including
leukocytes and bacteria, quickly by staining the particles with
fluorescent dyes and with subsequent identification by imped-
ance, scattering, and fluorescence. Several groups have com-
pared the results of the Sysmex UF-100 to microscopic sedi-
ment analysis and reported an adequate performance of the
analyzer (3, 7, 17, 18). However, the results of studies that
compare the bacterial and leukocyte counts with the UF-100
with urine culture for the diagnosis of UTI vary widely. While
some studies have reported an adequate performance in rela-
tion to urine culture (6, 9, 10, 13), others have found a rela-
tively large number of false negatives, which decreases sensi-
tivity and makes the UF-100 unsuitable as a screening method
to detect negative culture samples (2, 15, 22). Comparing stud-
ies is difficult though, since reported sensitivities and specific-
ities depend on the definition used for gold standard positive
and negative urines, and these definitions vary among labora-
tories. For example, some authors consider a urine sample
positive if it contains more than 103 CFU/ml (2, 9), whereas
others consider 105 or fewer CFU/ml still negative (13).

The Sysmex UF-100 has recently been improved to the Sys-
mex UF-1000i. One major adaptation to the previous model is
that bacteria are stained in a separate bacterial chamber, which
prevents interference with red blood cells and improves the
detection of bacteria (20). This progress may result in better
performance in identifying negative urine samples. In this
study we compared the detection of bacteria and leukocytes of
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the Sysmex UF-1000i to the gold standard, urine culture. The
results were analyzed using different gold standard definitions,
which made it possible to compare the results to a large num-
ber of other studies.

MATERIALS AND METHODS

Urine samples, collected in sterile containers, and submitted for bacterial
culture from January to March 2009 to the laboratory for medical microbiology
of the PAMM Foundation were enrolled in the study. At arrival the sample was
evenly divided over two aliquots. One aliquot was used to prepare a Gram stain,
which was analyzed by a trained technician who scored the presence of epithelial
cells, leukocytes, yeasts, and bacteria, with the morphology on a scale rating from
absent to 4�. From the same aliquot, a chromogenic medium (ChromID CPS3;
bioMérieux) and a selective blood agar plate containing 5 �g/ml colisitin and 2
�g/ml aztreonam were inoculated with 10 �l of the sample. Both plates were
investigated for growth after 18 to 24 h of aerobic incubation at 37°C. Based on
preset validated threshold values, the amount of growth was scored as no growth,
103 to 104 CFU/ml growth, 104 to 105 CFU/ml growth, and �105 CFU/ml growth.
Grown colonies were identified by their color and a simple additional test in the
case of Escherichia coli (brown to burgundy and indole test positive), Proteus
mirabilis (clear brown and indole test negative), and Enterococcus spp. (turquoise
and growth on CAP blood agar). Other colonies were Gram stained and iden-
tified by standard methods when relevant (Gram-negative rods and Gram-pos-
itive cocci in groups by the Vitek-2 system [biomeriéux], hemolytic streptococci
by Lancefield typing, and viridans streptococci by API-STREP [biomeriéux]).
Results of the Gram stain and urine culture procedures were considered the gold
standard. Three gold standard definitions for negative urine samples were de-
fined as follows: (i) a negative Gram stain and no growth on the culture plate
(here referred to as gold standard no growth); (ii) growth of bacteria at less than
104 CFU/ml (here referred to as gold standard �104 CFU/ml); (iii) growth of
bacteria at less than 105 CFU/ml (here referred to as gold standard �105

CFU/ml). Within 2 h after Gram staining and culture plate inoculation, the
second aliquots were transported batch-wise to the clinical chemistry laboratory
and analyzed for bacteria and leukocytes with the Sysmex UF-1000i according to
the manufacturer’s guidelines using 800 �l of each sample. The Sysmex UF-1000i
performs an analysis of particles in urine by flow cytometry (4, 11, 12, 14, 20). A
urine sample is diluted and stained in two different reaction chambers, one for
bacteria and one for all other urine particles. The staining agent is a fluorescent
polymethine dye that binds to DNA. After staining, the particles are transported
to a flow cell and are irradiated by a semiconducting laser (� � 635 nm). Forward
scatter, side scatter, and fluorescence intensities of the individual particles are
detected and give information about particle size and structure, which is used to
identify and count the particles. The results are presented in histograms and
scattergrams.

Using the three gold standard definitions, sensitivity and specificity at different
cutoff values were calculated for the UF-1000i. Receiver operating characteris-
tics (ROC) curves and ROC decision plots were made using Analyze-it for
Microsoft Excel, version 2.11 (Analyze-it Software, Leeds, United Kingdom).

Cost reduction as a result of omitting cultures for urine samples that were
negative by the UF-1000i was calculated by extrapolating data on technician

hands-on time and costs of the used materials from a single sample. Hands-on
time during culturing included inoculation of the media, transporting the media
to the appropriate incubator, recollecting the media the next day, analyzing the
media for growth, and entering the data in the laboratory information system.
Costs of materials used included a ChromID CPS3 plate (bioMérieux), a blood
agar plate containing 5 �g/ml colisitin and 2 �g/ml aztreonam, and a disposable
loop. Hands-on time during the UF-1000i procedure included transferring the
urine sample to a standardized UF-1000i test tube, placing the test tube in the
UF-1000i for analysis, and entering the data in the laboratory information sys-
tem. Costs comprised the standardized test tube and reagents used.

RESULTS

In total, 1,577 urine samples were included, 681 from out-
patients (196 from males) and 896 from hospitalized patients
(403 from males). Urine culture showed no growth or bacteria
seen in the Gram stain in 638 samples (40%), growth of �104

CFU/ml in 785 samples (50%), and growth of �105 CFU/ml in
981 samples (62%). In 596 samples (38%), bacterial growth of
�105 CFU/ml was observed. Of all samples in which bacterial
growth was observed, 11% contained multiple species and
were considered contaminated. Although UTI is unlikely in
these patients, these samples were considered gold standard
positive when the growth of bacteria exceeded the gold stan-
dard definitions of a negative urine culture. The most common
microorganisms identified were Escherichia coli (37%), Entero-
coccus faecalis (14%), Klebsiella spp. (7%), group B strepto-
cocci (6%), Proteus mirabilis (4%), Staphylococcus aureus
(3%), Pseudomonas aeruginosa (2%), coagulase-negative
Staphylococcus (2%), Candida albicans (2%), Gram-negative
rods not specified due to small amount of growth (2%), and
Aerococcus urinae (1%).

The ROC curves for bacteria and leukocytes at the different
gold standard definitions are shown in Fig. 1. In all three cases,
the area under the curve (AUC) for bacteria was greater than
for leukocytes. The AUCs for bacterial counts were 0.89 (95%
confidence interval [CI], 0.87 to 0.90) at no growth, 0.91 (95%
CI, 0.90 to 0.93) at �104 CFU/ml, and 0.96 (95% CI, 0.95 to
0.97) at �105 CFU/ml; the AUCs for leukocyte counts were
0.74 (95% CI, 0.71 to 0.76) at no growth, 0.76 (95% CI, 0.74 to
0.78) at �104 CFU/ml, and 0.79 (95% CI, 0.79 to 0.82) at �105

CFU/ml. Furthermore, at any specificity, the corresponding
sensitivity was higher for bacteria than for leukocytes.

In Fig. 2, we analyzed the bacterial detection of the UF-

FIG. 1. ROC curves for bacterial detection (blue) and leukocyte detection (green) by the UF-1000i when no growth (left), �104 CFU/ml
(middle), and �105 CFU/ml (right) were chosen as the gold standard definitions for negative cultures.
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1000i by preparing ROC decision plots. In these graphs, sen-
sitivity and specificity are set against the cutoff value of the
UF-1000i, so when a certain UF-1000i cutoff value is chosen,
sensitivity and specificity are determined from the curves. For
example, when urine cultures without growth are considered
negative (Fig. 2, left graph), a cutoff value of 200 bacteria/�l
for the UF-1000i results in a sensitivity of 74% and a specificity
of 87%. When the gold standard definition for a negative
culture value is changed to �104 or �105 CFU/ml (Fig. 2,
middle and right graphs), the sensitivity at the same UF-1000i
cutoff increases to 82% and 96%, while the specificity de-
creases to 83% and 78%, respectively. Screening for negative
urine samples requires a high sensitivity in order to minimize
the number of false-negative screening results. When an arbi-
trary sensitivity of 95% is chosen, the most stringent gold
standard definition would result in a cutoff of 26 bacteria/�l
counted by the UF-1000i and a specificity of 43% (Fig. 2, left
graph). More liberal definitions of �104 or �105 CFU/ml for
negative urine cultures would increase the UF-1000i cutoff
values to 39 and 230 bacteria/�l, resulting in specificities of
52% and 80%, respectively.

We investigated whether a combination of cutoff values for
leukocytes and bacteria might improve the combination of

sensitivity and specificity of detecting a urinary tract infection
by the UF-1000i. However, we did not find a combination of
leukocytes and bacteria that provided higher sensitivities and
specificities than when only the bacterial counts were used.

In Fig. 3, the percentage of negative UF-1000i results are
shown (dark blue curves) at different UF-1000i cutoff values.
This value represents the percentage of cultures saved when
the UF-1000i would have been used as a screening test. Not all
results were truly negative. The percentage of false-negative
tests of the UF-1000i-negative tests is shown by the red line.
The graphs in Fig. 3 represent both plots for the different gold
standard definitions.

The costs for screening all urine samples by the UF-1000i
were €1,183, with 158 min hands-on time. Assuming a desired
sensitivity for the UF-1000i of 95% at a gold standard defini-
tion of no growth, the UF-1000i would identify 319 negative
urine samples. Omitting urine cultures in these negative sam-
ples would save €389 and 558 min hands-on time. In total,
screening all urine samples with the UF-1000i would increase
costs by €794 but would save 400 min hands-on time. Similarly,
using the less stringent gold standard definitions of �104 and
�105 CFU/ml but maintaining the desired sensitivity of 95%

FIG. 2. ROC decision plots for the detection of bacteria by the UF-1000i, depicting sensitivity (purple) and specificity (cyan) as a function of
the cutoff value chosen for the UF-1000i when no growth (left), �104 CFU/ml (middle), and �105 CFU/ml (right) were chosen as gold standard
definitions for negative cultures.

FIG. 3. The percentage of negative UF-1000i test results at different cutoff values (dark blue) and the percentage of false-negative UF-1000i
test results among the total UF-1000i negative test results (red) when no growth (left), �104 CFU/ml (middle), and �105 CFU/ml (right) were
chosen as gold standard definitions for negative cultures.
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for the UF-1000i, total costs would increase by €641 and €184
but save 619 min and 1,275 min of hands-on time, respectively.

DISCUSSION

The number of gold standard-negative urine samples de-
pends on the definition used. Our study showed 40%, 50%, and
62% negative urines at definitions for negative cultures of no
growth, �104 CFU/ml, and �105 CFU/ml, respectively. Al-
though these numbers are comparable to another recent study
evaluating the UF-1000i (11), most studies have reported a
percentage of negative culture samples around 70 to 80% (2, 4,
15, 22). The organisms identified in our study correspond well
with earlier published results (2, 4, 9).

The ROC curves (Fig. 1) indicate that the number of bac-
teria reported by the UF-1000i can discriminate better be-
tween negative and positive urine cultures than the leukocyte
count. Interestingly, when increasing the definition of a nega-
tive urine culture, the AUC for the bacteria count increases
more than the AUC for the detection of leukocytes. Moreover,
the differences between the curves are so big that the leukocyte
count does not have an additional effect to the bacteria count.
This is in contrast to all previous studies showing optimal
combinations of sensitivity and specificity when a combination
of bacteria and leukocyte counts were used. A possible expla-
nation for this finding might be that the receptacles used for
urine sampling in our region do not contain boric acid fluids, a
compound known to stabilize leukocytes and inhibit further
growth of bacteria. Nevertheless, in our data set, the bacteria
count was the only parameter that needed to be monitored
while screening for negative urine samples.

The ROC decision plots (Fig. 2) illustrate the influence of
the gold standard definition of a negative urine culture on
sensitivity and specificity. Loosening the gold standard defini-
tion by accepting an increasing number of bacteria grown in
urine samples still being considered negative increases the
sensitivity and decreases the specificity of the UF-1000i.
Screening for negative urine samples requires a high negative
predictive value and therefore a high sensitivity, since a false-
negative urine test will prohibit the urine from being cultured.
In our study high sensitivities are accompanied by lower spec-
ificities, compared to the specificities found in other recent
studies that evaluated the bacterial detection of the Sysmex
UF-1000i. For example, Manoni et al. reported a specificity of
94% at a sensitivity of 97% when a definition of a negative
urine culture of �105 CFU/ml was used (11). De Rosa et al.
found a specificity of 85% and a sensitivity of 95% at a defi-
nition of �104 CFU/ml for a negative urine culture (4). The
population described by Manoni et al. is quite similar in per-
centage of culture negatives and cultured microorganisms to
our population, but our study showed many more samples with
a high UF-1000i bacteria count that appeared negative when a
similar gold standard definition was used. For example, in 981
of our samples that were culture negative (at a gold standard
definition of �105 CFU/ml), 281 samples showed a bacteria
count of �125 bacteria/�l by the UF-1000i. This number is
much higher than the number of high-count false negatives
reported by Manoni et al. Several explanations may account
for this discrepancy. Antibiotic use prior to urine analysis may
result in the detection of nonviable bacteria by the UF-1000i.

Other aspects that might play a role are different culture pro-
cedures, culture media, or transportation times, and the use of
boric acid compounds. The patient population in the study of
De Rosa et al. was also similar in number to our data set but
contained a much higher number of culture-negative samples
(74% versus 50% in our study, at a comparable gold standard
definition of �104 CFU/ml). Again, this might reflect culture
procedures and prior-to-analysis antibiotic use, but more likely
the time point at which a urine sample is collected for micro-
biological analysis plays a role. In the Netherlands general
practitioners are trained to treat patients with uncomplicated
UTI empirically with two courses of antibiotics before collect-
ing a urine sample for culture. This might result in a higher a
priori chance of a positive urine sample.

Figures 3 illustrates the reduction in urine cultures when the
UF-1000i is used to screen urine samples. For example, at the
gold standard definition of no growth, a UF-1000i cutoff of 26
bacteria/�l, corresponding to a sensitivity of 95% (Fig. 2, left
graph), would result in a reduction of urine cultures of 20%
(Fig. 3, left graph). At a gold standard definition for a negative
culture of �104 CFU/ml, the same sensitivity would be reached
at a UF-1000i cutoff of 39 bacteria/�l and a reduction of urine
cultures of 28%. For the gold standard definition of �105

CFU/ml, the same sensitivity was reached at a cutoff of 230
bacteria/�l and would result in a reduction of 52% of urine
cultures. The dark blue curves depicted in Fig. 3 illustrate the
reduction in urine cultures at different cutoff values of the
UF-1000i and are therefore independent of the chosen gold
standard definition, and are thus identical in all three figures.
As expected, loosening the gold standard definition will result
in a decrease of false-negative UF-1000i test results (red lines).
For example, at a UF-1000i cutoff of 26 bacteria/�l, the neg-
ative predictive value of the UF-1000i will appear to be 86% at
the gold standard definition of no growth, 95% at a gold stan-
dard definition of �104 CFU/ml, and 99.7% at a gold standard
definition of �105 CFU/ml. In other words, a less stringent
gold standard definition will result in a lower number of false-
negative UF-1000i results, a higher negative predictive value,
and a higher number of urine samples not being cultured. It
has to be kept in mind, though, that at a gold standard defi-
nition for a negative culture of �105 CFU/ml, the presence of
very large amount of bacteria is considered not significant,
which is questionable, especially for those patients most at risk:
children, pregnant women, and the elderly.

Total savings are considerable when using the UF-1000i for
screening urine samples. Although reagent costs might be
higher for the UF-1000i than material costs for the culture
procedure, the most costly factor, hands-on time, is minimal
for the UF-1000i. Moreover, the UF-1000i may even be oper-
ated by less-skilled technicians than the culture procedure.
Finally, savings increase with a less stringent gold standard
definition or a higher a priori change of a negative urine
sample.

Application of the UF-1000i as a screening analyzer to re-
duce the number of negative urine culture samples is only
reliable when a high sensitivity and a high negative predictive
value are obtained. However, this depends on the definition of
positive and negative urine cultures used in the laboratory. In
our opinion, it is therefore not possible to decide on a single,
general cutoff value of the bacteria count for the UF-1000i. In

1028 BROEREN ET AL. J. CLIN. MICROBIOL.



our laboratory, urine samples with no growth of bacteria are
normally considered negative, which results in an a priori
chance of 40% for a negative urine sample. In this setting, the
UF-1000i analyzer would only identify 20% of the urines as
negative and thus save 20% of the workload; moreover, 14% of
these urine samples would be false negative. In our opinion the
low reduction in workload and the high percentage of false-
negative results do not warrant the use of the UF-1000i as a
screening analyzer. However, in laboratories with a higher a
priori chance of a negative urine sample, the UF-1000i might
be helpful in significantly reducing workload and costs.
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